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NOVEL AMPHIPHILIC NUCLEIC ACID CONJUGATES 
INTRODUCTION 

T echnical Field 

The subject invention relates to specific 
polynucleotide binding polymers conjugated to 
solubility modifying moieties for inhibition of 
expression. 
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Background 

There is a continuing interest and need for 
agents capable of modulating intracellular expression. 
The agents could have a profound capability of solving 
a variety of genetically associated problems. These 
agrents, particularly complementary nucleic acid agents, 
could be used as antiviral agents to inhibit the ex- 
pression of viral essential genes. The agents also 
cculd act as anti-neoplastic agents, reducing the rate 
of proliferation of cancer cells or inhibiting their 
growth entirely. These agents would act intracellular- 
ly binding to transcription products by a mechanism or 
mechanisms unknown, to inhibit the expression of a par- 
25 tlsular structural gene. 

There has been substantial interest in this 
possibility and a number of experiments in culture have 
shown that there may be some promise to this approach. 
However, there are also numerous short-comings to the 
approaches that have been used previously. In order to 
provide for a useful agent for therapy, the agent 
should be effective at low concentrations, so as to 
allow for relatively low dosages when administered sys- 
tenically. Secondly, agents should be relatively 
stable and resistant to degradation by the various nu- 
cleases. Thirdly, the agent should be very rapid once 
introduced into the cytoplasm and highly specific in 
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biasing to Its coapleaentary sequence, so as to avoid 

llll T ia T periods - r ° urth - the 

elective at lo„ concentrations to avola high concen- 
trations ln the hlooc strea., FlnaUy , averse e f " ots 
to the ma-allan host should be „l„ lml2ea and the oil- 

asent ° b ° uii pr °'" e ^ > * 

genie response. While various of these criteria mav L 

.igHt';:;;^:^ 3 :,!" 1 far 3hort of asents *"« 

Relevant Literature 

Use of relatively short probes to maximize 
13 selectivity while retatntn* u «««iaixze 

y wnne retaining high sensitivity to single 
base mismatches is suggested by Szostak, et .1 
^a fflods ai«yo1 . , (1979) 68:41^29- Wu , H i7iWi.v 

20 7 J"" "oyes. j. Biol, Che m , : , (1 97^715777472- 

7475; Ncyes et al . , Proo. Natl. «„; irn ~ - ' 

11:1770^774; ^^ITilTTlZI^^ 
356:1023-1026. 

^£ 983) 80:278; Piratsu et al. , «2L*X^J^ 
C1933) 309.284-287; Wallace et al . /^S^^Ti, 

of , DeC iM h6re ^ b6en 3 nUnb "' of "ports onTh~e use 

i i8 r l,i ° 3equences to inhibit ^ «p«— 

*> Nat ' ACL' f ! P - eXaOPle ' 2aOe0lnk ^ Ste ^nson, Proc. 
~ Acad - Scl - ™i (1978) 15:280-284; Tullis et~aT~ 
^SSims^lo^^s^ C1984) 8A:58 CAbst^" 
JM«1- Acids. ^ ■■ (1985 ) Ti 4991 , Walde et 

[s Jakl.- Acad, sol, nsa (1986) 81:4143-41 46. 

^ v ._ M ° dlfled nUCl6lC 3Cid3 ° such triesters and 

in1; h - ; :--r ates have aiso been sh °- «> >• •»•«.«*. 

nibltir 'S expression. Miller -t al p ln(lila • . 
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(1974) 13:4887-4895; Barrett et al. , i bld. a9n) 
J3:4897-4906; Miller et al., ibid. (1977) ^6.; 1 988-T 9 97 • 
Miller at al. , Biochemistry (1981) 20:1873-1880; Blake' 
et al.. Biochemistry , (1985a, b) 24:6132 and 6134; Smith 
^ ProG - Wat>1 - Acad.'sel. mu (i 9 86) 83:2787-91 - 

Ajris et al., Biochemistry (1986) 25:6268-6275; Miller 
«. al., Biochemistry (1986) 25_: 50 92-5097. 

Modified nucleic acid sequences for enhancing 
binding to the complementary sequence are reported by 
Vlasaov at . . «h.« ... . 

— — " ""»• no K- '»oo;:ju 1-320; Sumoerton 

Theor. Biol. (1979) 78:77-99; Knorre (1986) Adv 
E " g- Reg. 1986:277-300. 
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Reduced immunogenicity of proteins conjugated 
to polyethyleneglyeol is report by Tomasi and Fallow 
W036/04145 (PCT/U585/02572) and Abuchowski et al. , ' 
Cancer Biochem. Blophya. (1984) 1:175-186. See also 
U.S. Patent Nos. 4,511,713 and 4,587,044. 

20 SUMMARY OF THE INVEttTTOM 

Novel nucleic acid conjugates are provided 
comprising a relatively short nucleic acid sequence 
complementary to a sequence of interest for modifying 
intracellular expression, a linking group, and a group 
whi=h imparts amphiphilic character to the final 
product, usually more hydrophobic than hydorphilic 
where hydrophobic includes amphiphilic. The nucleic 
acid moiety may include normal or other sugars, phos- 
phate groups or modified phosphate groups or bases 
other than the normal bases where the modifications do 
not interfere with complementary binding of the 
sequence of interest. The compositions find use for 
inhibiting mRNA maturation and/or expression of 
particular structural genes, such as in neoplastic 
^ cells, of viral proteins in viral infected cells, and 
essential protein(s) of human and animal pathogens. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
The subject invention provides novel nucleic 
a«id conjugates for inhibiting intracellular mRNA mat- 
uration and/or expression of a structural gene. Con- 
jugates comprise a relatively short oligonucleotide se- 
quence, a linking group, and a group which modifies the 
HLB Chydrophilic lipophilic balance) to provide an 
amphiphilic product product. The amphiphilic nature of 
the product aids in the transport of the conjugate 
across the cellular membrane and can provide additional 
advantages, such a3 increasing aqueous or liquid 
solubility of nucleic acid derivatives, e.g., use of an 
amphiphilic group to enhance water solubility of long 
chain methyl phosphonates and stabilizing normal 
nucleic acids to exonuclease digestion. 

For the most part, compounds of this invention 
will have the following formula: 
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P(X)Z 


P(X)Z 


I- 

N 


1 

N 



*} - L - M 
•} 
} 



a 

X is usually a pair of electrons, chalcogen 
(oxygen or sulfur) or amino, particularly NH; 

Z is a naturally occurring or synthetic sugar 
25 residue linked at two of the 2', 3' and 5' hydroxyls of 
the five carbon sugars and at comparable sites for six 
carbon sugars, where the sugars will usually be ribose, 
or Ceoxyribose, or other 5 carbon or 6 carbon, partic- 
ularly 5 carbon, sugars such as arabinose, xylose, 
30 glucose, or galactose; 

N is any natural or unnatural base (purine or 
pyrimidine) capable of binding to and hybridizing with 
a natural purine or pyrimidine, the purines and pyrimi- 
dines may be the natural deoxyrlbose nucleoside purines 
35 and ?yrimidines, such as adenine, cytidine, thymidine, 
guanidine or other purines and pyricidines, such as 
uracil, inosine, and the like. 
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L is a linking group which is derived from a 
polyvalent functional group having at least 1 atom not 
more than about 60 atoms other than hydrogen) usually 
s not more than about 30 atoms other than hydrogen 
having up to about 30 carbon atoms, usually not more 
than about 20 carbon atoms, and up to about 10 hetero- 
atoms, more usually up to about 6 heteroatoms, particu- 
larly chalcogen, nitrogen, phosphorous, etc., non-oxo- 
iq earbonyl (carboxy carbonyl), oxo-carbonyl (aldehyde or 
ketone), or the sulfur or nlt«*e* equivalents thereof 
e.g., thiono, thio. imidyl, etc. as well as disulfide ' 
amino, diazo, hydrazine, oximino, etc., phosphate, 
phosphono, and the like. 
15 M is a solubility modifying moiety which 

imparts amphiphilic character to the molecule, particu- 
larly hydrophobic with phosphates and amphiphilic with 
phosphonates. which will have a ratio of carbon to 
heteroatom of at least 2:1. usually at least 3:1, fre - 
2q quently up to greater than 20:1, nay include hydro- 
carbons of at least 6 carbon atoms and not more than 
about 30 carbon atoms, polyoxy compounds (alkyieneoxy 
compounds), where the oxygen atoms are joined by from 
abojt 2 to 10 carbon atoms, usually 2 to 6 carbon 
^ atoms, preferably 2 to 3 carbon atoms, and there will 
be at least about 6 units and usually not more than 
about 200 alkyieneoxy units, more usually not more than 
about 100 units, and preferably not more than about 60 
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units . 

One lis a bond to L, while the other r is a 
monovalent oxy, thio. amino, sugar group or substituted 
functionalities thereof, or alkyl of up to about 20, 
usually of up to about 6 carbon atoms, when bonded to 
P, or hydrogen, hydrocarbyl or acyl of from 1 to 30, 
3s usually 1 to 12 carbon atoms, or substituted hydro-' 
carbyl or acyl having from 1 to H hetero groups which 
are oxy, thio, or amino when bonded to Z. 
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The purines and Dyrimirfir,^ 
thymidine ur ae n *. P^^idines nay include 
/ mine, uracil, cytoaine, 6-methyluraef i he' 
droxypyrimidinp . """-nyxuracil, 4,6-dihy- 

/yjnmiaine, lsocytosine, hyDoxanf-hfr,,* 

- "/foxantnine. xanthine 
guanosine. and the like. " 

The sugars may be ribos* " a „, K< 
al3 0 . Bpi0 y » ej[03B3 . er " f : ° the[ - »ay 

U^lng eroups are coaaercUuTavaUabl """^ " 
round extensive >,,. » ,. available ana have 

- llal <ing groups include: 

25 0(c; ! » ""^WW-,-^)^,. 

-0C C 0) 1( „ ( CH 2 ,„„„ i iuJ^^S^* , 

copolymers of awno acias .„.,, . , 

l«l.ne. poly«, et hi 0 „<„ I " POlyjlyoine, poly- 

range of 2 to 20 ffl „ M - mlCly1 ' n ia dually in the 

uu ' u » more usually ? 1^ 
10, usually 1 to 6. ' and ° is 1 to 

35 -r^ "^^r er ° UP " a 

heterocyclic or els ' «o B atlc. alicy 0 - 

at l, a .. c ' ' ° r Conbi ^ions thereof, usually of 
~ w °°re usually at lea^ i, „ 

*r ac leasv. 12 and not more than 
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about 500. usually not more than about 200 carbon 
atoms, having not more than about 1 heteroatom per 2 
carbon atoms, being charged or uncharged, including 
5 alkyl of at least 6 carbon- atoms and up to about 30 
carbon atoms, usually not more than about 24 carbon 
atoms, fatty acids of at least about 6 carbon atoms, 
usually at i ea3t about 12 carbon atoms and up to about 
24 carbon atoms, glycerides. where the fatty acids will 
<w generally range from about 12-24 carbon .«..— 
being from 1-2 fatty acids, " usually at the 2 or 3 posi- 
tions or both, aromatic compounds having from 1 to 4 
rings, either mono- or polycyclic, fused or unfused 
polyalkyleneglycols where the alkylenes are of from' 
^ 2-10. usually of from 2-6 carbon atoms, more usually 
2-3 carbon atoms, there being usually at least about 6 
units, more usually at least about 10 units, and usual- 
ly fewer than about 500 units, more usually fewer than 
about 200 units, preferably fewer than about 100 units 
2q whsre the alkylene glycols may be homopolymers or co- ' 
polymers; alkylbenzoyl , where the alkyl group will be 
at least about 6. carbon atoms, usually at least about 
10 carbon atoms, and not more than about 24 carbon 
atoms, usually not more than about 20 carbon atoms- 
25 alkyl phosphates or phosphonates . where the alkyl group 
will be at least about 6 carbon atoms, usually at least 
about 12 carbon atoms and not more than about 24 carbon 
atoms, usually not more than about 20 carbon atoms, or 
the like. 
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The solubility modifying group may be charged 
or uncharged, preferably being uncharged, under physio- 
logical conditions, usually having not more than 1 
Charge per 10 atoms of the group other than hydrogen. 
Illustrative groups include polyethylene glycol having 
froc: about 40-50 units, copolymers of ethylene and 
propylene glycol, laurate esters of polyethylene sly- 
cols;, trlphenylmethyl, naphthylphenylme thyl palnitate. 
distearyigiycsride, didodecylphosphatidyi , choies teryl 
araehidonyl, octadecanyloxy . tetradecylthio, etc. 
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Functionalities which may be present include 
oxy. thio, carbonyl (oxo or non-oxo), cyano, halo, 
nitro, aliphatic unsaturation, etc. 

Of particular interest win be oligonucleotide 
conjugates of the following formula: 



1 



r 1 } - l 1 - h 1 



10 



15 



20 



f* 1 | PCX^Z? | P(X 1 )Z x , 
! H ll a 1 { 

X 1 is nitrogen or oxygen; 

Z is ribose or deoxyribose substituted at the 
3' and 5» positions; 

One Y 1 is a bond to L 1 and the other r 1 is hy- 
droxy, alkyl, alkoxy or amino (including substituted 
amino, e.g., alkyl. acyl, etc.) of from 0 to 3 carbon 
atoms or a five carbon sugar. 'particularly ribose or 
deoxyribose. when bonded to P and hydrogen, alkyl, or 
acyl of from 1 to 10. usually 1 to 6 carbon atoms when 
bonded to Z] ; 

H? is any purine or pyrinidine which can 
hybridize to the naturally occurring purines and 
pyrimidines. but is preferably a naturally occurring 
purine or pyrimidine; 

25 1-1 is a link ^S group of at least about 2 

carbon atoms and not more than about 30 carbon atoms, 
usually not more than about 20 carbon atoms, having 
from 0-10. usually 1-6 heteroatoms, which will be 
oxygen, nitrogen, and sulfur, particularly as oxy 
amino, or thio; 

30 i 

M is the solubility modifying moiety, hydro- 
phobic or amphiphilic. which is desirably a polyalkyl- 
eneoxy group of at least- about 20 units and not more 
than about 200 units, normally not more than about 150 
units, where the alkylene groups are of from 2-3 carbon 
atofflsj 
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a 1 Is at least 5, usually at least 7 an* „ 

about 30, n0P e usually ranglng from 
5 Preferably fro ffl about 13 to 30. * 
In preparing the subject compositions fha 
•li.--uol.oUd. and the solubility Jjy^Ty 

loin T: " BXi3t ^ -outl.. and L y be 

Joined together by a li„ ke r ana. The oligonucleotide 
lo -y be mad e by any oonvenlent ayntheuc ^T'l. 
«t. »ost part. recoabinant procedures will not"be"e ffl 
Ployed, although in soae situations they 
Va >ou rcial synthetic devices Tor prepa r in g 

Polynucleotides are available fro. . nuo ber of col a- 
»i... such as Applied Biosyste.s Inc., 
anc: Pharmacia. A variety of procedure ar i k T' I 
-Ploying blocked oligonucleotides as the Z 
Ph sph a B i dite3 , ph03phonates< or 

cycling procedure is employed, and the indfvidual 
2q nucleotides are added in succession. 

' h , At the com P let ion °f the synthesis, various 
prc CC0 i nay be ,. ploytd . Pff . ln ua 

the terminal blocking group fflay be removed and the 
linking ara joined to the tenninal nucleotide 
Alternatively, all of the blocking groups may be 
r thS -cleotlde oodified" by 

be P C? ° f T linki0 * ar °' Wh " e the •» «ay 

instf flnal 0li «°-^eotide. m soae 

^stances, the terminal blocking group „ y serve as al! 
3Q Pet Of the linking ar*. Alternatively, the 

oligonucleotide .ay be removed fro. the suoport and 
the n manipulated further, particularly where the 
link ng g roup t0 tne support nay ^ u 

•» 'or joining the hydrophobic .edifying aoiety 

35 5 - :rV r t ° CedUreS «»«ion.li„tion of the 

5 or 3 -ternini of oligonucleotides nay be -our' <n 
uiu end Orgel DNA (1985) 4-?27-«i. p„ 

»..„. , J ' — • •J <; '-331 ; Connollv and s i h o 

^^-Acid^Res^ (-985) JJ,: «8 5 -«502. 
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Depending upon the functionalities V3 m 

aalnes. or the like, m uorklne wlth 

various actuating groups , v be «" 

£sira-nltrophenyl eater, etc " 

Proved Ta r 0 " a " IVe fu °« i0 "«"lea can be ea- 

Ployed. such as Isocyanates, dtazo cro„„. 

=h orides, iai„ 0 e3ter3 , anhyarlaM - » ; - 

t" "tn^""' -irUl i 'ides. 

■ "° M f ° r ° arrn " 8 ° ut »>• ««o U3 reactions 
« joining non-nueleotlde Pieties to nucleotide 

to th. ^ 301Ut " lllt * «="fyin S moiety may be adaea 
to the Unking an, either pnor to. "subsequent to or 

tion or the 1I „ Mns arm t0 t „ e OIl JJ^"' 

"uty n ::::r a ' u ,ay be 4 - ir ^ <° *>* £ 

2 = Un n« , 8 m °" tir *° the ll ° kin « *">«e the 

"° " b °">* " «>« Ollgonuoleotide whlie th' 
cligonudeotlde ls still bound to the aupport V 
already Indicated, the reactions between the in'L 
«- and the solubility Bodifying nolety u *[ 

»Ud and ^ir 8 n0St rea0 "°" •—"l— .111 be 

o/polar and n , * 3 ° lTentS ° P =<»"»atlona 

3 5 and ill, T """""^ "Iv.nf. Solvent, „i n Tary 
an* include Mt . r , aoetonltrlle. dl„etby if oxacid- „. 

-11 be for the cost part In the range of about 
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-10 to 60-C. Usually, after completion of the reaction 
between components of the connate, the resulti ng 
Product will be subjected to purification. 

The manner of purification nay varv d, nB n. ( 

For sample. „„ere the oligonucleotide is bound l0 _ 
support, after addition of t h, u arn "» « 

^nucleotide, unvote, chains may be 

uen oases, the bonding of the linker to the oligo- 
nucleotide must he sufficient!, stable to withstand the 
««»«. conditions fro. the synthesis supp rt e s 
«... am„o„la. «her. th, oligonucleotide is no longer 
bou.« to the support, .hether oniy reacted wth the 

« r« LT," '"'^ - - «» «»1 product, 
fl id hv 1 " t " M<llat « « «».X Product may be pur - 
fl d by conventional tech„i,ues, such a, electrophore- 

... The purified product is then ready for u ,e 

an „„ SU "- 90t ■ >rMuots selected to have 

r interest. The se,uence of Interest may be present 

som.il sequences, mitochondrial sequences, plastid se- 

frZr; et0 - The ae " ° " 

tam. introns. untranslated 5- and 3-se,„ences 
flanking open reading frames, etc. The subject 

vauaomr r ref °"- 66 '» '""'"ting the 

availability of an m« transcript, Inhibiting «pres- 

35 c partic!r " Pr0tel °' enBanC1 " 8 "» 

a reores ' / r0 " In ^ ">• expression or 

<e?r=ssor, reducing proliferation or vi-us- e o- 

Pias:lc cells, etc. 50 



WO 88/09810 

PCT/US88/02009 

the proliferation of patho^s such C6US * UaitiR * 

f«.. P ro tists , myC o P i as j : hl s aay h d r viruse3 ' b - 

iT ucinB morb ^y * »o^LV the llke ' or 

"lasses of normal celi a Thu , specific 
compositions m therapy* bv " \ T Uae the sub J"t 
to or in . ™£ *o a host " 

««DJ.ct compositions to Inhibit " ° f 

10 or expression of the nati^ ! '""-oripdon and/ 

. . liW native .e.en.fl.s 

=»»Jeot ooapoaitions aay he used'f^ '"V" 1 : The 
variety of pathosena l„ . Protection froa a 

, 5 3UOh a ;i; ; oo :; t °r s - «... 

15 ceils, auch a s oarolnlw J et0 - ! 
-P~sor ceua. en. «? I£\~ 0h " 

involve „«, the m" r of the 

composition to it, tar,«Y the s "J«t 

target sequence tv,~ 
«>y include interference with « °e=ha„Iam s 
transport aorcaa the J^JT*"^' of 
25 endo^cleaaea. or the li k \ ° lMTa « »' 

such 3e q ue T ::eit Je ;:,:::;:i oM aar 68 * 

W,o k inea. i^o^ /TIeu" 8 er0 " th 

MHO entljen,, m „_ m . • T MU "oeP'or altea, 

30 tano,. «ulti le rtia Lrrr:- 

«th -netatolic proceaaea T th ' ,M " " m,1 «« 
««.. nucleic aclca r0r "" 10 " ° r *«no ' 

aa introna or flail MF "' » «•« 

"Pen ,eadi„ 6 fraa \T ""o'^ed „t„ the 



^itionalt!" 1 :"! 8 ta " e «« "Native of M . 

J i:le au =J"t Depositions. 
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Ai-ea or Application 



13 

^f£EUTIC APPLICATIONS OF 
SYHTHETIC DMA TECHNOLOGY 



5 Infectious Diseases ; 
Antivirals, Human 

Antivirals, Animal 




i n 
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Antibacterial, Human 
Antiparasitic Agents 

Cancer 

Direct Anti-Tumor 
Agents 

Adjunctive Therapy 
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Auto Immune Diseases 
T-cell receptors 



AIDS, Herpes, CMV 



Chicken Infectious Bronchitis 

Drug Resistance Plasmids-. S. coli 
Malaria 

Sleeping Sickness (Trypanosomes) 

c-oyc oncogene - leukemia 
other oncogenes 

drug transport 

Rheumatoid Arthritis 
Type I Diabetes 
Systemic Lupus 
Multiple sclerosis 
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°r 8 an Tracts Kldney . 0TK3 ^ ^ ^ 

whether the opposition* are ueed in » ItP0 or " . 

aaitt, the oo BP o 3Itl o„ a Bay 6G 77^: ^^ 

cell interior auch aa the ojrtopl... and nudeus. rhe 
act composition* oa „ tiM partloular »• 

"■"uuying phenotyoe for r»*»«soa~«K - 

aMno . ... \ yp IOr resea "eh purposes, for evalu- 

r. uti - °- — « — 



in t> i 



■oduct distribution, or the 
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capaulated in Hr»n«„ riefl °y being en- 

f -ai-ea an liposomes or other vesiM 00 » ^ 
5 u«ed In conjunction- t-s ' veslc les. and may be 

10 i„f .... YarUtr of •»»' ■»«■> « miction. 

^aneoual,. lntrale3ionaU ' o =-au y su6 . 

microspheres, liposomes or albumin 

20 «a„„ er3 c f Be a c t s : t :L a t r ae variety ° r a „< 

25 Ml I 6 ;/ 3 ""'" 66 ««^. -on aa sta - 

would " 6 3,1<11 " ,e3 °°nven«o„al. and 

-nall 'l 3 L a 1 «"tr "°" 5 

i0 c==a 8 e. as appropria? ' ^^J" « 

S high as 99 9* „„ "Hers, these may be as 
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EXPERIMENTAL 
EXAMPLE 1 

Synthesis of Polyethylene Glycol Derivatives of 
Normal DNA3 Using Amlnollnk, Benzoquinone and 
Bis-(Aminohexyl) Polyethylene Glycol 

Chemical Synthesis of DN'A oligonucleotides by the 
Amidite Method . 

The chemical synthesis of DNA can be carried 
out using slight modifications of the conventional 
phc sphoramidite methods on any commercially available 
DNA synthesizer. This method is a modification of the 
technique described by Caruthers and coworkers 
(Bsaucage and Caruthers, Eur, Pat. Appl. 82/102570. 

In 'this technique, 6.1 M nucleoside phos- 
phcramidites dissolved in anhydrous acetonitrile were 
mixed with an equal volume of 0.5 M tetrazole and se- 
quentially coupled to the 5 ! -hydroxyl terminal nucleo- 
tide of the growing DNA chain bound to controlled pore 
gls.ss supports via a succinate spacer (Matteucci and 
Caruthers, Tetrahedron Letters (1980) 21 ;71 9-22. 
Nucleoside addition was followed by capping of linre- 
acted S'-hydroxyls with acetic anhydride, iodine oxi- 
dation, and 5 T -detritylation in trichloroacetic acid- 
methylene chloride. The resin-bound oligomer was then 
dried by extensive washing in anhydrous acetonitrile 
anc. the process repeated. Normal cycle times using 
this procedure were 12 minutes with condensation 
efficiencies of >98J (as judged by trityl release). 

As the last step of the synthesis, trityl was 
removed from the product* oligonucleotide chains and an 
aminoethanolphosphcramidite was added to the 5 1 - 
hyaroxyl using Aminolink (Applied Biosysteras, Foster 
City, CA). The resin-bound oligonucleotide was then 
deblocked and released from the column using a method 
r Is z b to the type zT phosphate linkage srsaor.t . 
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For normal phoaphodieaters, release from the column and 
hydrolysis overnight at 55«C in concentrated ammonium 
hydroxide was appropriate. 

The product was then lyophilized several times 
from 50? aqueous ethanol and purified via reversed 
phase HPLC C-8 silica columns, eluting with 5 to 50? 
acetonitrile/25 mM ammonium acetate, pH 6.8 in a linear 
gradient. If required, the material may be further 
^ purified by ion-exchange HPLC on Nucleogen DEAE 60-7 
- eluting with 20* acetonitrile/25 mM ammonium acetate, 
PH 6.5. The recovered product was then characterized 
by gel electrophoresis on 15* polyacrylamide gels 
carried out as described by Maxam and Gilbert in Meth- 
od a of Enzymology (1 980) 68 :499-560. OligonucleoTI^eT 
in finished gels were visualized using Stains-all. The 
Stains-All procedure did not work for uncharged oligo- 
nucleotides such as DNA methylphosphates or ethyl 
tri esters - 

The fully deblocked and purified product is 
then converted to the appropriate polyethylene glycol 
derivative using a suitable coupling technique. Sev- 
eral techniques can be used Including benzoquinone, 
carbodiimide, SMCC (Succinimldyl 4-CN-maleimideometh- 
yD-cyciohexane-1-carboxylate, SPDP (N-succinimidyl 3 - 
(2-;?yridyldithio propionate, carbonyldiimidazole, 
Aminolink, disuccinimidyl suberimidate and 
ph eny 1 i so cyanate . 

Coupling of the ilnk^ ww , DNA to D6ngftr] 1 , <n _ 
erp«s-linkl ng to m «r* m <„ ohexvl) BOlwthrl8M glyffn , 

In the first step bis-(aminohexyl)polyethylene 
glycol is reacted with a 100 to 1000 fold molear excess 
of benzoquinone in 0.1 h- sodium bicarbonate (pH 8.5).. . 
After 1 hour at. room temperature, the excess unreacted 
benzoquinone is removed by Sephadex G-25 column chroma- 
tography. The activated polyethylene glycol is then 
to c.i M sodium bicarbonate and reacted with the 
3ll * 0 «« containing .a reactive amine linker arm in 
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a molar ratio of 1 0:1 and the reaction allowed to p ro - 
caed to completion. At the end of the reaction r 

3 th : — — ~ ™C r " 

S.l filtration on Sephadex G-100 and the complex char- 
acterized by polyacrylamlde gel electro P horeai s (cf 
« & niatis, ? al., Molecular c laboratory 
-nual (1982) cold Spring Harbor Laboratories Told 
Spring Harbor, Further purlflcation **< 

effected using ion-exchange chromatography and gel 
. w ^ w ic^uii'ea. 

The structure of the product of these 
reactions i 3: 



15 



20 



0 
1/ 

oligomer - P - o - (CH 2 ) 2 - NH 
OH 



J C - NH - (CH 2 ) 5 - PEG (3500) 

C C 
\ / 
C 
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EXAMPLE 2 

^""u'! ! f P "' 7 e 1 a 

■S »A» Hsinn Amnollnk an„ r.-K„- ldllala .,„,; 

Activated P ^lyetnv;.™ i-.i 

»a» synthe^-T * Ia " Ple Jalni>1I ° k "lUonucleotlde 
»as synthesized as described in Example I. m „ ... 

««1 .ft*. ol lso „er fr =„ the 3uppor P t 

in a^onla, the solution „a, evaporated 1„ vacuo and 

dissolved In „.,„ „a„c 03 , p„ 8 . 5 „„ purmeToT a L- 

and to remove any extraneous a«,lne-contai„l„ 8 naterial 
of low molecular weight Th* •, A 
0 2 m i n k Melght : Tne solution was then made to 
0 : 2 H an carbonyldii 0 idazole-acti vated polyethylene 
glycol (MW av - 20,000) and allowed to react ove-right 



WO 88/09810 



PCT/US88/02009 



18 



10 



Unbound oligonucleotide was removed by gel 
filtration on Sephadex 0-1 00. 0n this column the 
complex elated in the excluded volume of the a „, 
-Ml. the free oligonucleotide and 
*:.ycol .ere retained. This material was the 
concentrated in vacuo and the complex characterized bv 
J^^^.X-~.U (Maniatis ^ . ' 

EXAMPLE 3 
ethylene Gli 
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' *■ / AV<1 ^ tfiyc a 

In this method DNA is synthesized as in Ex- 
ample 1 with the exception that the trityl group is 
reeved without the f urther addition Qf 

phosphoramidite. After purification h„ , mino ^ 
Be] ele C fcr.nT,v,« , Purification by polyaerylamide 

wi h Jhe fo !l r ^ Pr ° dUCt ° NA iS <*^"nated 
with the forward reaction of « polynucleotides kinase 
-coring to standard procedures (Miller et al , 2l 
Acids^Re^ ( ?9 83) 4i.6225.42; Maniatis \f^T 

tSS SILT Gllbert ' ^^s^i^'' 

(1980) 71:560-5. Labeled oligomers can be separated' 

re"rle r :r ted * ^ ^ography and C-18 

revise phase columns (e.g. Watera c _ l8 s 

Samples are checked for purity on analytical 20$ 
polyaerylamide gels. 

with i IT Ph0Sph0rylated oligowr is then treated 
with 1-methylimidazole and hexanediamine. in the pre S - 
en « of EDC carbodiimide according to the method 
and Orgel DNA (1985) .4,327-3! . This reaction 
coyeiently couples the diamine linker to the 
onronucleotides via a phosphoramidate linkage with the 
following structure: 
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0 

oligomer - P - NH - (CH ) -nh 

I 2 6 2 

OH 

5 „♦ h „ ^ amlne linker 3r ° oli S°™r ^ then conju- 

> as follow. The oligonucleotide la dissolved to 
final concentration of 100 pM per liter in 50 mM 
sodium phosphate buffer. p H 7.1 containing 0.15M 
10 IfeCl. To this solution a 10 fold molar fi v,,„ 

™ (5000) is added as a dry golldf aUowe7;; - - 

and the reaction mixture incubated overnight at 25'C 
The product is then purified by gel filtration chro-' 
matography on Sephadex c-100 in water and characterized 
15 by polyacrylamide gel electrophoresis. 

The structure of the final product is- 
J 0 o 

oligomer - p . „ _ (CH } . „ . J . _ !/._ q _ ^ ^ 

20 - 131 2 6 

EXAMPLE 4 

Synthesis of "Polyethylene r,Wn 0 i DerlvaMw>Q n . 
Normal DMAs ffMn, Imidazole A^.w, ned carbo^ ; 
A9ld Esters and Rf „- flVtnoalkvl Pm v.» hylen . C1 F V " 
25 In this example, DNA was synthesized according 

to .he method given in Example 1. After synthesis, the 
Product material was retained on'the synthesis support 
with trityl removed from the 5' end of the molecule. 
The aolld materlal wa3 fcnen thQpoughly waghed wtfch 

30 hydrous acetonitrile and blown dry under a stream of 
dry argon. Using a plastic syringe, 1 cc of 0. 3 M car- 
bonyldiimidazole dissolved in anhydrous acetonitrile 
was pushed slowly through the synthesis column contain- 
ing the support bound oligomer over the course of 1 

35 hour. The 5' carbonylimidazole activated oligomer on 
the :ol-jnn ves t^-- -----.v 

»-~..-c ifce ^ excess reagent with 

ol of acetonitrile and subsequently treated for 15 
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hours with ,., „ bl . (as , lnohexn) polyethnene 
in .ctonltrll.. vater. ac.tonitrUa and Methylene 
cnlonde x. sucoesMon. The polyethylene „n 
conjugate was then eluted . xtt oo„oaatrated aL,„L 

„ m , 11,6 P'oauot l3 than purified by hi e h 

T<7c^os„ -J fi " r " 10n =»™«osraphy (hpopc M * 

' — • Purification may be effected bv 

agarose gel electrophoresis Th« ./ erected by 

'"Phoresis. The structure cf the 
final conjugate synthesized 'by this method is: 

° 0 0 

15 oligomer - 0 - j - IJH - (CH ) -MH-I-fmi n J 

2 ' 6 .«« C (CH^ - C - 0 - PEG (5000) 

EXAMPLE 5 

Synthesis of T.nnr Chain AT ^n. Derlvatlvp . „, 

20 Normal DMAs Using Imicla.m* --.^j 

Carboxyllo Acid Esters . n « ... 

ffler , / n thls . exaa Ple' a 20 nucleotide DKA comple- 
wa. synthesized according to the method given in Ex- 
25 !T P1 V : After 3yntheSis ' the Product material was re- 
rl2V n * he 3yntheSiS SUPP ° rt With ™ 

waT th en e th ^ °' ^ m ° le ° Ule : ^ 3 ° lid «t.rUl 
was then thoroughly washed with anhydrous acetonitrile 
and blown dry under a stream of dry argon. Using I 

^ZJl*"**™ a - fc -"rile was pushed slowly 
through the synthesis column containing the support- 
ed oligomer for ,5 minutes. The 5 . 

fr of ° 11SOmer ° n C ° 1UOn WaS *>« -ned 

35 Ihe ? " reaS6nt WUh 15 nl 0f ^etonitrile and 

^treated with 0.2 H decanediamine in acetonitrile: 

— - xor 30 minutes. 
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The material on the column was washed free of 
^reacted decanediamine with acetonitrile and water ard 
tb« eluted from the column in concentrated 
hydroxy solution. After. removal froo tne 
ammonium hydroxide solution containing the on o 2 

h~ te 55 w : c 3 . placed ln a 3ealed viai - ~- 3 

The product »a 3 then lyopMliiea several tl™». 

n-o. 5 o, a , U80us e4hanol and purlfied r ;; ; e V"" 

31xlca ^""ms eluted with 5 to 50% 

tllTllTT 5 *" amm0nlUm 3Cetate ' PH 6 " 8 in * »»«r 

Purif ied b reqUlred ' material Day be f - th - 
Lin 1Dn - eXChan ^ H?LC on Nucleogen DEAE 60-7 

15 using 20% acetonltrlle/25 m M ammonium acetate, p H 6 5 
as eiuent The recovered product was then character- 
ized by gel electrophoresis in 15 ? polyacryl amide gels 
carr.ed out as described by Maxam and Gi Ibert ln ^ 
fejaol^ (1980) 68,««-560. Oligonucleotides i„ ^ 
2o finished gels were visualised using Stains-all. 

by two * h Y reSenCe ° f a ^**ry *«ia. was determined 
by two .etnods. .First, reaction with f luorescamiae 
Produced a fluorescent product characteristic of the 
presence of a primary amine while no fluorescence was 
25 curved with similarly treated control oligomers of 
the sane type but lacklng amine iinke ^ ^ 

the decane conjugate was dissolved in 7 00 jil o 1 m 
sodium bicarbonate to which was added i mg Q f fiuorea- 
eeimeothiocyanate (FITC). After 1 hour of incubation 
30 the unreacted FITC was removed by gel filtration 
chromatography on Sephadex 0-25 spun columns. The 
product was then analysed by polyacrylamide gel 
electrophoresis as described above and the fluorescent 
band product visualized under UV illumination, a ' 

35 to"! 6 f ; U ° reSCeflt band "» obeerved which corresponded 
t =; he 01 omer VIsuali2ed fay 3ubsequent staining tf 
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The product of this reaction is an alkyl car- 
bamate which is stable -to moderate exposure to concen- 
trated base. The structure of the final conjugate syn- 
thesized by this method iaj 

0 
If 

oligomer -O-C-NH-(CH) - NH 

2 10 2 



10 



Other nonoaminoalkyl.and aryl derivatives can 

be produced bv fchf* m rv*K~- , 

- wwii^j. muxeuuxes in this 

series which have been constructed include the deriv- 
atives made with ethylene diamine and hexane diamine. 
Higher chain length additions may require slight 
nod if i cations of the solvent polarity in order to 
15 achieve the necessary concentrations. Alternatively 
lower concentrations may be used if the reaction times 
are extended. 
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EXAMPLE 6 

Synthesis of Polyethylen e Glycol Derivatives of 
DMAs Using Imidaz ole-Activated CarboxvUr. 

Acid Este rs, Polvlvslne Linker. 
DSS AND BIS-Aminoalkv l Polyethy l ene Glycol 
In this example, a 25 nucleotide DNA coople- 
25 mentary to the initiation region of mouse 6-globin mRNA 
was synthesized according to the method given in Ex- 
ample 1. After synthesis, the synthesis support was 
treated with 80% acetic acid for 30 minutes to remove 
trityl from the 5' end of the molecule. The solid ma- 
30 terial was then thoroughly washed wi th 'anhydrous aceto- 
nitrile and blown dry under a stream of dry argon and 
treated with 0. 3 M carbonyldiimidazole as in Example 
Th* 5' carbonyldiimidazole-aetivated oligomer on the ' 
column was then washed free of excess reagent with 15 
35 ml of acetonitrile and then treated with 0.2M poly-L- 
ly.HP.e CMW-iooo) dissolved in 50% acetonitrile contain- 

injj 0.1M sodiun ohosohate « ■ a i- 

tenperature. 
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The material on the column was washed free of 
salts and unreacted polylysine with water and aceto- 
ritrile and then eluted from the column with concen- 
trated ammonium hydroxide.^ After removal from the 
5 column, the ammonium hydroxide solution containing the 
oligomer conjugate was incubated 5 hours at 55°C in a 
sealed glass vial. The product was then lyophilized 
several times from 5035 aqueous ethanol and purified via 
gel filtration chromatography on TSK G4000SW in 10 mM 
Tris buffer, pH 7.5. The presence of a primary amine 
was determined by reaction with f luorescamine. No 
fluorescence was observed with control oligomers 
lacking the polyamine linker. 

In order to render the polyamine conjugate 
negatively charged, the complex was reacted with FITC 
to label the molecule and to neutralize the positive 
charges on the amines. This was accomplished by dis- 
solving a portion of the material in 100 ul 0.TM sodium* 
bicarbonate to which was added 1 mg of FITC. After 1 
hour of incubation, the unre acted FITC was removed by 
gel filtration chromatography on Sephadex G-25 spun . 
columns (Maniatis et al . , (1982), supra . The product 
was then analysed by poiyacrylamide gel electrophoresis 
carred out as described by Maxam and Gilbert (1980) 
s upra and the fluorescent band product visualized under 
UV illumination. A broad fluorescent band was observed 
which corresponds to the DNA visualized by Stains-all. 

The oligomer containing polylysine covalently 
linked to the 5 f end of the molecule was then cross- 
linked to bis-(aminohexyl) polyethylene glycol (MW - 
3500) as follows. The polylysine oligomer is first 
dialysed against 0.1 M -sodium carbonate, 3M NaCl and 
concentrated to a final concentration of k mg/ml using 
a Centricon 10 apparatus (Amicon, Danvers, N.J.). To 
53 ul of this solution was added 25 yl of disuccinimi- 
dyl suberate (DSS, 10 mg/ml in DMSO) and the mixture 
incubated 10 minutes at room temperature. The unre- 
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acted DSS was then quickly removed by gel filtration on 
Sephadex G25 and concentrated on Centricon 10 mem- 
branes. The solution was then made to 0.2M In bis- ' 
(aminohexyi) polyethylene glycol and incubated over- 
night at room temperature 'to form the final conjugate. 
Purification was effected on TSK G4000 Stf columns 
operated as previously described. 

This conjugate has the following general 

formula: 

1 . Formulation Type I 

0 0 0 

II I II 

Oligomer - 0 - C - NH - CCH - C - NH) -CCKCOOH 

tCH ) (CH ) 

15 | 2 ij | 2 H 

NHX NH' 
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Where X is usually H, at least one X being 
-CO(CH 2 ) 6 COHN-PEG 5000 . 



By varying the reaction excess or the molecu- 
lar weight of the polyethylene glycol and the poly- ' 
lysine used it is possible to construct polymer conju- 
gates with varying degrees of substitution size and 
25 charge. The ability to vary these properties of the 
complex make it possible to design the use of the com- 
pound in various applications. 

EXAMPLE 7 

30 Synthesis of Polyethylene Glycol 

Derivatives of DNA Methvlphosohonates 
The chemical synthesis of DNA methylphospho- 
nates (MP) may be carried out using a modification of 
the phosphochlorldite method of Letsinger (Letsinger et 
35 — " J - Amer : Cheffi - Soc- (1975) .97:3278; Letsinger and 
Lunsford, J. Amer. Chem. Soc. (1976) 98:3605-3661 : 
kanaka and Letsinger, Nucl. Acids. Res. (1982) 25:3249- 
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60. In this procedure, dried blocked nucleosides dis- 
solved in anhydrous acetonitrile 2,6-lutidine , are 
activated in situ with a stoichiometric amount of 
methyl dichlorophosphine . The activated nucleoside 

5 

monochloridites are then added sequentially to the 5' 
hydroxy terminal nucleotide of the growing DNA chain 
bound to controlled pore glass supports via a succinate 
spacer (Matteucci and Caruthers, Tetrahed. Lett. (1980) 
_21_: 71 9-722. Each addition is followed by capping of 
urtreacted 5 T -hydroxyls with acetic anhydride, iodine 
oxidation, and 5 f -detri tylat ion in 3% trichloroacetic 
acid-methylene chloride. 

The resin-bound methylphosphoriate oligomers 
are then dried by extensive washing in anhydrous aceto- 
nitrile and the process repeated. Normal cycle times 
uning this procedure are 23 minutes with condensation 
efficiencies of >32$ (as judged by trityl release). 
The ultimate base may be added as the cyanoethyl phos- 
photriester which yields, up6n cleavage in base, a 5'- 
torminal phosphodiester . This step makes it possible 
to radiolabel the oligonucleotide, purify and sequence 
the product using gel electrophoresis at intermediate 
stages of preparation (Narang et^ al . , Can. J. Biochem. 
(1975) 53j 392-394. Miller et al. , Nucl. Acids Res. 
(1983) JJ_: 6225-6242. 

An amine-terminated linker arm is then added 
a.«3 follows- Trityl is removed as before and the resin 
treated with 0.2M Aminolink (Applied Biosystems, Foster 
City, CA) dissolved in dry acetonitrile containing 0.2M 
dimethylaminopyridine for 5 minutes. The linker arm 
oligonucleotide is then oxidized in iodine and washed 
in acetonitrile as above. Capping with acetic an- 
hydride is not performed since any deblocked primary 
amine would be modified to the base-stable acetamide 
and thus be unavailable for further reaction. 

At the end of the synthesis, the amine termi- 
nated linker arm nethylphosphonate oligomer is base 
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deblocked as follows. The resin containing the DNA is 
removed from the column and placed in a water Jacketed 
column. and incubated in 1-2 ml phenol ethylene diamine 
(4:1) for 10 hours at 40°C. At the end of the incuca- 
5 tion in phenol tethylene diamine, the resin is washed 
free of the phenol reagent and base protecting groups 
released using methanol, water, methanol and methylene 
chloride in succession. After drying in a stream of 
nitrogen, the intact, base-deblocked chains are cleaved 

X~X — ««A.g».»4«uwj, v I • I / UL' CI UL'XtSl 

treatment at room temperature with ammonium hydroxide. 

Purification of the amine-terminated DNA 
methylphosphonate is then performed as follows. The 
material is first lyophilized several times from 50% 
aqueous ethanol and purified via reversed phase HPLC 
C-8 silica columns eluted with 5 to 50? acetonitrile/ 
25mM ammonium acetate, pH 6.8 in a linear gradient. 
Atnine-containing fractions, as determined by fluores- 
camine reactivity, are pooled and the product recovered 
by drying in vacuo and further purified by ion-exchange 
HPLC on Nucleogen DEAE 60-7 eluted with 202 aceto- 
nitrile/ 25mM ammonium acetate, pH 6.5. 

The purified product is then converted to the 
appropriate polyethylene glycol derivative using the 
heterobifunctional crosslinking agents SMCC and SATA 
(succinimidyl S-acetylthioacetate) . Reactions using 
other reagents which can react with and modify the 
nucleoside bases (e.g. sulfonyl chlorides, glutaralde- 
hyde or acid anydrides) are not recomended unless per- 
3° formed with the fully blocked oligonucleotide still 
bound to the synthesis support. 

The DNA methylphosphonate containing 5 f ter- 
minal reactive amine linker arms Is first reacted with 
SATA in a 100-1000 fold molar excess at pH 8.5 (0.1M 
sodium bicarbonate) . After 30 minutes at room temper- 
ature, the excess unreacted SATA is removed by 0-25 
column chromatography in water, concentrated in vacuo 
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and stored cold until ready for further reaction. Bis- 
(aminohexyl) polyethylene glycol is converted to the 
maleimide derivative by treatment with a 100-1000 fold 
molar excess of SMCC in 0.1M phosphate buffer, pK 6*9 
5 for 1 hour at room temperature. Excess crosslinking 
agent is removed by chromatography on Sephadex G-100 
and the material concentrated in vacuo and stored cold 
until ready for further reaction. This material is 
stable for about one week when kept cold. The SATA DMA 
methyiphosphonate is then treated with hydroxylamine 
HC1 dissolved in 0.1M phosphate buffer (pH adjusted to 
7.2) for 1-2 hours!' This treatment serves to release 
the reactive sulfhydryl. This product is then reacted 
overnight with a 10 fold molar excess of bis-(SMCC 
15 aminohexyl) polyethylene glycol by addition of the lat- 
ter as a powder to the solution containing the 
oligomer . 

Purification of the complex is then effected. 
Unbound oligonucleotide is removed by gel filtration on 
20 Sephadex G-100 or HPCFC on TSK G400SW eluted with 10mM 
Iris, pH 7-5. The diagrammatic structure of the final 
product of this procedure is: 

o 0 



25 cligomer - P - 0 - (CH 2 ) 2 - NH - C - (CH 2 ) 
KP | 
OH 



c— c 

/ \ 

c c 



N' 

30 PEC (3500) 

EXAMPLE 8 

Synthesis of Polyethylene Glycol Deriva tives of 
DMA Alkyltriesters Using the Phoso horaoldlte Approach 
35 The synthesis of the title compound trlesters 

is p«rf=r=ed according to the method cf Zon and co- 
workers (Gallo et al . , Nucl. Acids. Res^, (1986) 
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21:7^05-20; Summers et al. ( Nucl. Acids Res. (1986) 
2^:7^21-36- The method of synthesis Is similar to that 
used for in. situ production of ethyl triesters as de- 
scribed in the other examples. Fully blocked dimeth- 
5 oxytrityl nucleosides are dried' by repeated lyophili- 
zation from benzene, dissolved in anhydrous aceto- 
nitrile/2 f 6-lutidine and added dropwise to a stirred 
solution of ctilorodiisopropylaminoethoxyphosphine in 
the same solvent at -70°C. The product is recovered by 

in 

tw aqueous extraction, drying in vacuo and silica gel 
chromatography. 

The chemical synthesis of DNA ethyl triesters 
(STE) can be carried out using slight modifications of 
the conventional phosphoramidite methods. In this 
technique, nucleoside phosphoramidites dissolved in 
anhydrous acetonitrile are mixed with tetrazole and 
sequentially coupled to the 5' -hydroxy terminal nucleo- 
side bound to CPG- Nucleoside addition is followed by 
capping of unreached S'-hydroxyls with acetic anhy- 
dride, iodine oxidation, and 5 '-detritylation in tri- 
chloroacetic acid-methylene chloride. The resin-bound 
oligomer is then dried by extensive washing In anhy- 
drous acetonitrile and the process repeated. Normal 
cycle times using this procedure are 17 minutes with 
condensation efficiencies of >96% (as judged by trityl 
release). The terminal residue Is conventionally added 
an a diester in order to facilitate radiolabeling and 
purification. The 5 '-terminal trityl group is left If 
HPLC purification is desired, but generally the 5*- 
teirminal trityl Is removed and the Aminolink procedure 
described in Example 1 is used. 

At the end of the synthesis, the fully blocked 
product Is base-deblocked as follows. The resin con- 
taining the fully protected DNA is removed from the 
column and placed in a water- jacketed chromatography 
column. The resin is then incubated in 1-2 ml phenol: 
ethylene diamine for 10 hours at 40 e C. At the 
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end of the Incubation In phenol : ethylene diamine, the 
resin is washed free of the phenol reagent and base 
protecting groups released using methanol, water, meth- 
anol and methylene chloride in succession. After 
^ drying in a stream of nitrogen, the intact, base- 
deblocked chains are cleaved from the support using 
EDA:ethanol (1:1) or a brief treatment at room tem- 
perature with ammonium hydroxide. 

Purification of the Aminolink DNA ethyl tri- 
10 ester product Is then performed as follows. The 

material is first lyophlllzed several times from 50% 
aqueous ethanol and purified via reversed phase HPLC 
C-8 silica columns eluted with 5 to 50? acetonitrile/ 
25mM sodium acetate, pH 6,8 In a linear gradient. 
15 Amine-contalning fractions as determined by fluores- 
camine reactivity are pooled and the product recovered 
by drying in vacuo and further purified by ion-exchange 
HPLC on Nucleogen D£A£ 60-7 eluting 25% acetonitrile/25 
mM ammonium acetate, pH 6.5. 
- gh-e—p-r o d u ot - o 4i-gonu]£l£jo£I d e is then suitable 
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25 



for coupling to polyethylene glycol by any of the tech- 
niques previously described. In our experiments sev- 
eral techniques have been used, Including SMCC , SPDP, 
c arbony Id i imidazole , disuccinimidyl suberimidate and 
phenylisocyanate. 

The SMCC/SPD? coupling reaction is as follows. 
The linker arm probe Is coupled to excess SPDP followed 
by reduction with dithiothreitol (DTT), the unreacted 
DTT removed and the product allowed to cross-link 
30 through the free sulfhydryl to SMCC previously coupled 
to bis-(aminohexyl) polyethylene glycol (PEG). The 
formation of the thioether linkage is rapid and selec- 
tive and the linkage formed is quite stable to a 
variety of conditions., The precise method of linkage 
formation is as follows: 

The DNA containing- amine linker arms is re- 
acted with SPDP in a 100-1000 fold molar excess at pH 
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8.5 (0.1M sodium bicarbonate). After 1 hour at room 
temperature, the excess unreacted reagent is removed by 
G-25 column chromatography and the probe SPD? conjugate 
concentrated tn vacuo , Bis-(aminohexyl) polyethylene 
glycol is converted to the maleimide derivative as de- 
scribed in the previous example. The SPD? DNA tries ter 
Is then treated with 10 mM mercaptoethanol dissolved in 
0.1M phosphate buffer (pH adjusted to 7.2) for 1 hour. 
Tills treatment serves to release the 5 r "thiopyridone 
thus forming a reactive sulfhydryl. Excess reducing 
agent is then removed using a G-25 spun column operated 
as previously described with the exception that all 
separations are performed in degassed 0.1M phosphate 
buffer, pH 6.8 under a nitrogen atmosphere to prevent 
the reoxidation of the terminal SH. In this procedure 
it is essential that all excess reducing agent be re- 
moved in order to prevent its subsequent reaction with 
the maleimidylated polyethylene glycol. 

Thiopyridone released in this procedure pro- 
vides a convenient indirect method for quantitating the 
presence of the. 5 f -terminal SH. Thiopyridone released 
by reduction has a UV absorption at 3^3nm. By follow- 
ing the Increase in absorbance of the solution at this 
wavelength, the course of the reduction is easily fol- 
lowed. The thiopyridone can then be quantitated using 
a molar extinction coefficient of 8080. The product Is 
then reacted overnight with a 10 fold molar excess of 
bis-(SMCC-aminohexyl) polyethylene glycol by addition 
of the latter as a powder or a concentrated solution to 
the solution containing the SH terminated oligomer tri- 
esiter. The reaction Is allowed to proceed overnight at 

2e;°c. * 

Purification of the complex is then effected. 
Unbound oligonucleotide is removed by gel filtration on 
Sesphadex G-100 or HPGFC on TSK GH000SW eluted with 10mM 
Tris, pH 7.5- The diagrammatic structure of the final 
porduct of this procedure is: 
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0 0 

II I! 

oligomer - P - 0 - (CH 2 ) 2 - NH - C - (CH ) -S 
E7S I 2 2 | 

OH > — 

0 - C C » i 

PEG (3500) 



EXAMPLE 9 

Synthesis of Polyether Derivatives of DNA Alkyl and 
Aryltrlesters Using the Phosphate Triester Approach 
Synthesis of Phosphotr ies fcer Oligonucleotides 

1 5 o f Varying Alkyl and Aryl Substituent Type .' 

The best available method for the production 
of the various triesters of variable alkane chain 
length- is via conventional phosphate triester chemistry 
to synthesize the desired sequences as the Jv-chloro- 

20 phenyl phosphate triesters (PTE). Upon completion of 
t:ne synthesis, the fully protected oligonucleotide 
chlorophenyltriesters bound to the synthesis support 
are subjected to ester exchange in the presence of 
t'3trabutylammcnium fluoride and the desired alcohol. 

25 This basic method for the construction of DNA oligonu- 
cleotides is classical DNA synthesis chemistry. See 
Gait, (1984) Olignucleotlde Synthesis: A Practical 
A pproach , IRL Press, Washington, D.C. 

The chemical synthesis of DNA jr- or ^o-chloro- 

30 phenyl phosphotrlesters was carried out using a modifi- 
cation of the phosphochloridite method of Letsinger 
Tanaka and Letsinger, Nucl. Acids Res. (1982) 25 :32^9- 
60. For automated DNA synthesis, see Alvarado-Urbina 
£!l al. t Science (1981) 21^:270-273- 

35 Fully blocked and dried nucleosides dissolved 

in anhydrous acetonitrile 2,5-lutidine and activated i_n 
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t;Lally added to the 5 '-hydroxy terminal nucleotide of 
the growing DMA chain bound to controlled pore glass 
supports via a succinate spacer as in previous exam- 
ples. Derivatized glass supports, fully blocked 
^ nucleosides and other synthesis reagents are commer- 
cially available through Applied Biosystems (San 
Francisco, CA) or American Bionuclear (Emeryville, CA), 
Nucleoside addition is followed by capping of unreacted 
S'-hydroxyls with acetic anhydride, iodine oxidation, 
10 and 5 '-detri tylation in trichloroacetic acid-methylene 
chloride. 

The resin bound oligomer chlorophenyltriester 
i£i then dried by extensive washing in anhydrous aceto- 
nitrile and the process repeated. Normal cycle times 
15 using this procedure are 13 minutes with condensation 
efficiencies of >S2% (as judged by trityl release). 
The ultimate base may be added as a B-cyanoethyl phos- 
phgtriester which yields, upon cleavage in base, a 5 f - 
terminal phosphodiester. This step makes it possible 
tc radiolabel the oligonucleotide and to purify and se- 
quence the product using gel electrophoresis (Narang e_t 
al_. f Can. J. Biochem. (1975) _53_:392-4; Miller £t al. , 
Bi ochemistry (1986) 25:5092-97- 

The fully blocked material bound to the syn- 
thesis support is then subject to ester exchange in the 
presence of te trabutylamaonium fluoride (TBAF) and the 
desired alcohol under anhydrous conditions. This 
method yields rapid and quantitative alcohol exchange. 
The reaction Is complete within 20 minutes for most 
aryl and alkyl alcohols which are capable of forming 
stable products. 

In this example, anhydrous n-propanol is used 
to dissolve TBAF to a final concentration of 0.2M. The 
solution is then percolated slowly oyer the resin con- 
35 taining the oligomer chlorophenyl triester and allowed 
to react for about 1 hour at room tenperature . The 
resin is then washed with methanol and acetonitrile and 
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dried under a stream of dry argon. Amine linker arm 
addition, deblocking and purification are then effected 
a:3 in Example 8. Polyethylene glycol conjugation is 
performed as in Example 7. The final yield of conju- 
^ gate is about 10? of the starting equivalents of nucle- 
oside resin used. The diagrammatic structure of the 
final product is: 

0 0 

in ,o < ~.r»mo« - I - n . feu 's . - vu - r _ fru *\ -c 

PTE | 2 2 | 

OH C — C. 

/ \ 

0 = C C = 0 

15 PEG (3500) 



EXAMPLE 10 
The Effect of Trityl Terminated 
2Q Oligonucleotides on the Synthesis of B-globin 

Protein in vitro and in Cultured Cells 
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30 



Using the methods of synthesis provided in the 
previous examples, both normal and ethyl triester type 
oligonucleotides were constructed. In the simplest 
example of an amphiphilic DNA conjugate containing a 
hydrophobic grouping at the 5 1 end of the molecule, the 
trityl group is left on at the end of the synthesis. 
Purified materials of this type were tested for their* 
effectiveness in preventing the specific expression of 
hemoglobin in mouse erythroleukemia cells induced to 
produce hemoglobin. The oligonucleotides tested in 
these and the following examples are given in Table I. 
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The cells chosen for these experiments are 
Friend murine erythroleukemia (MEL 3 cells which can be 
induced to synthesize hemoglobin by a variety of agents 
5 including DMSO and butyric acid (cf . Gusella and 

Houseman, Cell (1976) 8:263-269. MEL cells are grown 
in culture using conventional techniques in a CO2 
incubator* 

induced cells which are expressing globin can 
10 be visualized by benzidine treatment which stains hemo- 
globin-producing cells blue (Leder et al. , Science 
(1975) 190 :893, Cells were exposed to the selected 
oligonucleotide conjugates at concentrations ranging 
from 1 mg/ml to 1 pg/ml during induction. Controls 
15 included mock-treated cells and cells treated with 

random sequence oligomer controls. Treated cells were 
scored at various time intervals for globin production 
based on staining intensity and the results compared to 
controls. About 50% of the control cells are 
20 inducible. Cell death or dam age du e to treatment is 



~~ score(i Trypan blue exclusion in order to oBEaih an 
indication of toxicity and cell damage. 

The results obtained are presented in Table 
II. These results show that the trityl terminated 
25 oligomers are more effective in producing the desired 
degree of synthesis inhibition. The trityl modified 
oligomers however showed some degree of cell damage 
which would not recommend their general use as 
therapeutic agents. 

30 
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EXAMPLE 11 

The Effect of Long Chain Alkyl Terminated 
Oligonucleotides on the Synthesis of 
5 a-globin Protein in Cultured Cells 

Using the method of synthesis provided in the 
previous examples, 15 to 20 base long oligonucleotides 
conjugated to a 5* -terminal aminoalkane were construct- 
ed as described in Example 5- Purified materials of 
10 this type Were tested for their effectiveness in pre- 
venting the specific expression of hemoglobin in MEL 
cells induced to produce hemoglobin. The results are 
given in Table III. The protocol for the test is given 
in Example 10. 



TABLE III 



THE EFFECT OF INCREASING HYDROPHOBICITY ON THE 
EFFECTIVENESS OF OLIGONUCLEOTIDES IN PREVENTING 
20 HEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



~* " inhibition of 

Treatment Viable Cells Benzidine Cells 



25 



3.0 



35 



DMSO Control 46% 0% 

MBG-20 Antisense 50 yM 50% 41% 

MBG-2O-C5 50 uM 61% 41% 

M3G-20-C* 50 yM 60% 48% 

M3G-20-cJ 0 50 V M 62% 66% 



*See Table I. 

As shown in Table III, the results obtained 
indicate that the aminoalkane-terminated oligomers are 
more effective in producing the desired degree of se- 
lective synthesis inhibition than their cognate se- 
quences lacking the terminal alkane 0 For example, the 
C 10 derivative was about 60% more effective than the 
control unmodified 20 mer in reducing the number of 





WO 58/09810 



PCT/US88/02009 



38 



.hemoglobin positive cells . In general r the longer the 
alkyl chain, the lower the concentration of oligomer 
required to effect the same % of inhibition. 



Using the methods of synthesis provided in Ex- 
10 ample l r 15 to 20 base long oligonucleotides conjugated 
t:o a 5' -terminal fluorescein using ethylene diamine as 
the linker were constructed. This material has the 
further advantage that uptake of the oligomer into the 
cells can be monitored by fluorescence microscopy which 
15 provides further evidence of the cellular fate of the 
product. Purified fluorescent oligomers were tested 
for their effectiveness in preventing the specific ex- 
pression of hemoglobin in MEL cells induced to produce 
hemoglobin. The results are shown in Table IV. The 
20 protocol for the test is given in Example 10. 



5 



EXAMPLE 12 
The Effect of Fluorescein Terminated 
Oligonucleotides on the Synthesis of 
6-globin Protein in Cultured Cells 



TABLE IV 



THE EFFECT OF FITC CONJUGATION ON THE INHIBITION OF 
EEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



25 



Oligomer* 



% 

Viable Cells 



Inhibition of 
Benzidine Cells 



DMSO Control 
MB3-20 Antisense 
30 J4B3-20-C o -FITC 



«B3-20-C 6 -FITC 
MBS-20-C? n -FITC 



50 uM 
50 vM 
50 vM 
50 V M 



53% 0% 

73% 35% 

68% 45% 

76% 36% 

72% 52% 



* 



See Table I. 



35 



As shown in Table IV, the results obtained in- 
dicate that the f luorescein-terminated oligomers are at 
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least as effective in producing selective inhibition of 
hemoglobin synthesis as their cognate control sequences 
lacking the FITC. Further, fluorescence microscopy of 
the treated cells showed enhanced fluorescence due to 
5 f luoresceinated oligomer uptake. These cells were then 
isolated/ washed several times in physiological saline 
and lysed by freeze thawing several times in water. 
The resultant solution was centrifuged to remove cell 
debris and the amount of f luoresceinated oligomer pres- 

10 ent guantitated in an Aminco spectrof luororaeter . The 
results obtained showed that the treated cells assim- 
ilated an average of 10^ molecules of f luoresceinated 
oligomer per cell. This is about 10 times higher than 
cellular uptake of similar DNA oligomers (i.e lacking 

15 th-a solubility) moiety of about 10 6 molecules per cell. 

Thus it can be seen that the addition of a 
hydrophobic moiety/ in this case fluorescein, to the 
oligomer results in substantially increased cellular 
uptake of the oligomer without affecting its ability to 

20 selectively block protein synthesis. 



EXAMPLE 13 

The Effect of Polyethylene Glycol Terminated 
Oligonucleotides on the Synthesis of B-globin 
25 Protein in Cultured Cells 

Using the methods of synthesis provided in the 
previous examples, 20 base long oligonucleotides conju- 
gated to a 5' -terminal polyethylene glycol were con- 
structed as described in Example 4. These molecular 
30 conjugates were purified and tested for their effec- 
tiveness in preventing the specific expression of 
hemoglobin as described in Example 10. 
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TABLE V 

THE EFFECT OF POLYETHYLENE GLYCOL CONJUGATION ON THE 
INHIBITION OF. HEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



5 i 

Oligomer ft Viable Cells Inhibition of 
Conjugate (% of Control) Benzidine Cells 



10 



DMSO Control 






33% 


0% 


MBG-15 Antisense 


100 


pM 


50% 


25% 


MBG-15-C 2 


100 


yM 


60% 


22% 


PEG(ss) 


100 


pM 


43% 


24% 


MBG-20 + PEGCss) 


100 


pM 


43% 


78% 


DMSO Control 






65% 


0% 


MBG-20-PEG(ss) 


15 


V M 


0% 


95% 




5 


V M 


62% 


52% 




1 


VM 


nd 


-2% 




0,1 


VM 


64% 


-5% 



15 



*Sse Table I- 



As shown in Table V, the results obtained show 
20 that oligomers conjugated to polyethylene glycol are 
more effective in producing the desired degree of 
selective synthesis inhibition than controls. The 
polyethylene glycol conjugate in this experiment was 
found to be approximately 10 tines more active in pre- 
25" venting the expression of hemoglobin than the control 
combination of the 20 raer and polyethylene glycol. It 
is also interesting to note that the simple addition of 
polyethylene glycol to the medium increases the effec- 
tiveness of the added control antisense oligomer r in 
30 consonance with the increased effectiveness observed 
for the PEG conjugates. 

It is evident from the above results that the 

T 

novel conjugates of the subject invention provide sub- 
stantial advantages in enhancing the efficiency in 
35 which transcriptional mechanisms may be modulated. In 
accordance with the subject invention, a wide variety 
of cellular „ both prokaryotic and eukaryotic, as well 
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as viral, physiological processes may be regulated. 
The compositions can be used in vitro and in vivo . In 
the former, systems can be studied, mammalian cells 
protected from mycoplasma, phenotypes modified, and the 
5 like. In the latter, the compositions can be used for 
therapy in inhibiting the proITferation of pathogens, 
selectively inhibiting certain classes of cells, e.g., 
B-cells and T-cells, or the like. 

All publications and patent applications men- 

10 tioned in this specification are indicative of the 
level of skill of those skilled in the art to which 
this invention pertains. All publications and patent 
applications are herein incorporated by reference to 
the same extent as if each individual publication or 

15 patent application wa3 specifically and individually 
indicated to be incorporated by reference. 

Although the foregoing invention has been de- 
scribed in some detail by way of illustration and ex- 
ample for purposes of clarity of understanding, it will 

20 be obvious that certain charifeiTSfid modifications may 

be. j.r.ajcLtiqed within- .the^cope-^ofSHie_appended claims. 



25 



30 
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WHATIS CLAIMED IS: 



in 



1. A method for inhibiting the maturation or 
translation of a messenger RNA in a ceil, said method 
comprising: 

contacting said cell with a composition com- 
prising an oligonucleotide sequence complementary to a 
transcription product of said cell and a group cova- 
lently linked to said oligonucleotide sequence to 

w **" "A^unic iuuituuie , wnereoy said 

composition migrates into the cell interior resulting 
in the inhibition of maturation and/or translation of 
said transcription product. 

15 2 - A method according to Claim 1, wherein 

said cell is in culture and said composition is 
introduced into the nutrient medium. 

3. A method according to Claim 1, wherein 
20 said oligonucleotide is of from about 6 to 30 

nucleotides, 

4. A method according to Claim 3, wherein at 
least one of said oligonucleotides has a phosphate as 

25 the phosphorus moiety. 

5. A method according to Claim 3, wherein at 
least one of said oligonucleotides has a phosphonate 
with an alkyl group of from 1 to 3 carbon atoms as the 

30 phosphorus moiety. 

6. A method according to Claim l f wherein 
said group is a hybridphobic aromatic group. 

35 7 - A method according to Claim 7/ wherein 
ic group is a trityl group. 
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8. A method according to Claim 7, wherein 
said aromatic group is a fluorescein group. 

9. A method according to Claim 1, wherein 
5 said group is a polyalkyleneoxy group, wherein said 

alkylenes are of from 2 to 10 carbon atoms. 

10. A method according to Claim 9/ wherein 
said polyalkyleneoxy group is from about 6 to 200 

10 units. 

11. A cell comprising a composition com- 
prising an oligonucleotide sequence complementary to a 
transcription product of said cell and an araphiphilic 

15 or hydorphobic group covalently linked to said 

oligonucleotide sequence to provide an amphiphilic 
molecule. 

12. A cell according to Claim 11/ wherein 
20 said cell is in culture. 

13. A composition of matter comprising: 

an oligonucleotide sequence of at least six 
nucleotides complementary to a transcriptional product 
25 of a cell; 

an amphiphilic group comprising a polyalkyl- 
eneoxy group, wherein said alkylenes are of from 2 to 
10 carbon atoms; 

a linker of at least one atom covalently 
30 bonded to said oligonucleotide sequence and to said 
amphiphilic group. 

14. A composition of matter according to 
Claim 13, wherein said oligonucleotide is of from about 

35 6 -o 30 nucleotides o 
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15, A composition of matter according to 
Claim 13, wherein at least one of said oligonucleotides 
haa a phosphate as the phosphorus moiety. 

5 16, A composition* of matter according to 

Claim 13, wherein at least one of said oligonucleotides 
. has a phosphonate with an alkyl group of from 1 to 3 
carbon atoms as the phosphorus moiety* 

10 17. A composition of matter according to 

Claim 13, wherein said linking group includes at least 
one of an amino, guinone, thioether, or amide group, 

18, A composition of matter according to 
15 Claim 13/ wherein said oligonucleotide sequence is 

complementary at least in part to a non-coding region. 

19. A composition of matter according to 
Claim 13, whereip said oligonucleotide sequence is 

20 complementary at least in part to a coding region. 
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